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Pooh aor 


ite wey crommegorsanalysis nas been a fart of gecd 
acchitectural design for many years. It has received 
even greater attention as the energy crisis makes it 
more clear that architects and owners must plan with 
greater emphasis cn life cycle cost (LCC} versus 
initial ccnostruction cost. This thesis investigates 
the forgrulas and procedures currently used and 
PelusumatesSubinenGyecite COSt analysis as applied ‘tc 
buiiding operating cost savings, maintenance ccst 
Savings, and savings on replacement cf joy bak JL rel a je\e 
components and systems. Included is a discussion cf 
the Eccnczic Building Perfcrmance Mcdel ncecw used by 
the western Division Naval Facilities Engineering 
Command, and current federal agency efforts to aprfly 


BeGrocncepus tO Duadding design. 
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IT. INTRODUCTION 


a a eos Se De ee eee ee oo 


heen ese Ch THESIS 


The purpcese of this thesis is to investigate the process 
Pumatewcyole cost (LCC) analysis as it is new being used by 


architects and engineers in the cesign of LEuillidings. 


Ee LHS SILS CONTENTS 


Chapter Two presents a general definiticn of LCC as the 
Summation of total building systems costs over the life of 
the building. When adjusted for the time value cf mcney 
this summaticn is useful as an aid tec making c¢ésign 
decisions. The cost elements to be considered are discussed 
and the LCC xrcdel is introduced as a way of structuring an 


econcmic analysis cf design alternatives. 


Chapter Three reviews the méthematical fcrmulas comncnly 
used in eccncmic aralysis and relates then tc the LCC rcdeél. 
Selecticn cf a discount rate and treatment cf inflaticr are 
discussed fEcllowed by an illustraticn cf the process or 


Gsescouncing Cash flows tor LCC studies. 


Chapter Fcur lcoks at recent experi¢€nce with ICC in 
weapons systems development and current effcrts to apply the 


ieteimeromraitdIng design. 





The fifth and final chapter concludes te eldecdite tae 
usefulness of LCC can be improved by judicicus develcgement 


cf a data base and a ccmmon fcrmat for analysis. 


The appendices Deov@de satmele illustrations o£ tke LCC 
Process adesapplicd to Gperating cost savings, maintenance 


cost savings, and savings cn replacement cf components and 


systems. 








We ivinelLucitONeaND OVERVIEW OF CHAPTER 


Himcommcna peer desines life cycle cost as a summaticn of 
the total costs which accrue throughout the life of the 
building, as adjusted for the time value cf money to enable 
useful ccmparisons to ke made. Total cests cf a Euilding 
are reccgnized as béing ccmpesed of several elements in 
Hodis onecememurial costs. SLCC techniques  ~are used with 
varying degrees of detail depending on the stage of building 


design being considered. 


Peo olGnab eer iI NeTiON OF LEFE CYCLE CCSTS 


Ves vuntiatlon Gf System Costs 


TieomignecostmcrecOnStructing a buzlcing gets a lot 
Ciemacteltlocum treMenowners and designers alike. At every 
formal bid opening ccnducted ry the governmert, or in every 
contract negctiation in the commercial area, there ils 
Fene-CimeveGmwnetiec: Ene CONStLuction can Ete done for the 
amount of acney available. The owner , the designer, and 
Pie MeCwmerceronmali focus their attenticn on the initial ccst 
SCmecoOusotnUecuwmpchat Oullding. But there is much more than 
Citemuomrceinciuded In the cost or the ktuilding tc its 


CwneL. The cwher must pay the architect who designed the 
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Pa rd ng, anaenust Pay the in-house planning staff for their 
fteene-ena Werk Ln cocrdinating the werk cf the architects, 
the marketing consultants, the financial people, plus 


SPoikeicaiemoGMinLstrative ccsts during ccnstruction. 


Once the building has been occupied the owner Legins 
to receive its benefits but still incurs additional ccsts. 
Every year tke owner must pay for lights and heat, taxes, 
and people tc perform the functions the building is intended 


tc shelter. 


The life cycle cost of a building is the summatioa 
Tmweenote tne costs wheuLrred for that building for all of 


the years tfrcm planning through ultimate sale or disposal. 


Any summaticn of costs for purfeses of Comparing 
alternatives cannot be valid unless the costs are in ccmmon 
terms. To Fe in commcn terms, the costs must be considered 
with respect to the timing of cash flows. The value cf a 
dcilar tcday is not the same as it will Fe one year from 
MeGayetOnstWeuDeaslLe Leasons. First, inflaticn will atfect 
the purchasing power of the dcllar, meaning it will Euy less 
gcods and services a year frem now. Secema,, thew dceliar 
received tcday has earning power. It can Ltée invested fcr a 
real return cver a span of time. In life cycl¢ costinc the 
Principles cf compound interest are used tc compute present 
ana future ccsts in a way that relates these two costs in 
common terms. The necessary formulas will be covered in 


eome detail in Charter 3. 


et 





Lite cycle costing {LCC) is much saere than zserely 
the application of compound interest formulas. LCC is a 
technique, a procedure, a set cf rules, a methodology, a 
systematic procedure by which a ccaplex task is 
accomplished. The technique has been developed to allcw its 
user to evaluate the results of a decisicn or tc chccse 
ketween alternatives as a part of making a decision. it 
does not frevide an automatic decision but it gives added 


visibility tc the cost elements of an investment decisicr. 


Te wemedstMg oe gnirt cance Of LCC 


Life cycle costing is galning Pucheasing 
significance to ono) a Juels in| designers and owners. The 
Gemeinuangsetetects Of inflation on all building costs and 
the even faster escalation of energy cests call attention to 
the limitations of tasing decisions solely on iritial 
investment costs. There is a need to anticipate growth and 
changes in the use of Euildings. It is becc@ring more widely 
recegnized that the design of a buildirg has long term 
etfects cn the operating cost of the building. Teacdectrs 
ketween initial costs and long term operating costs have 
always been considered by informed owners Frut today such 
tradeoffs are being given more attention and _  =«£cre 
Visiea dic ys icmeeagahetonad Visibility provided py LCC 
techniques is important because with advances in technelcgy 
the elements of costs and their interrelationships are 


getting mere and nore ccmplex. 
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Peele cate COSto. OF A BUILTING 


The real ccst cf a building can pe considered in terms 
cf the initial cost, recurring costs on an annual basis and 
lntermittently through the life of the building, and 
functional use costs. The total cost of cwnership includes 
Premodimet aliscosts. It can be Shown that initial ccsts 


are a suprisingly small portion cf total cwnership ccsts. 


fieelntiad’ COSES 


Tijola eiolze) th Costs are primarily ne ccest ORE 
ccnstruction. Other types of initial cost such as c¢é¢sign 
and Other owner GOseompare —teclated directly -t¢ the 
Semeeruction cost. Moeotitem ©ihancing  ¢csts are also 
'Picurred CuErINGs. CONStEUCtTICN, again related directly tc 


GEnecLucticn Costs, 


The construction costs are ccmposed cf many 
elements. The common k-tasis cf breaking down costs has _ for 
years been in terms of materials, trades, or subcontract 
packages. The most familiar format has been the 16 division 
(MironunmmGen=otbuGction index (UCI). <A nore recent trend, of 
value in the concertual and design development phase, has 
been the functional system and subsystem approach. This 
method separates the Fuilidirg into iAitS elements frem a 
huge eihon aw standpoint such as foundaticn system, wall 


systems, roof systems, and mechanical systems. 
Miiikinge@L ad bULIdGing in terms of systems helps in 


understanding the interrelaticnships that can affect the 


Mipeeitdieecec tes OL Construction. A heavier wall system for 
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example may reguire a more substanial foundation systen. A 
mere energy efficient roofing system may fermit a snaller 
heating cr cooling systen. The effect of one ¢eésign 
decisior on cther aspects of the building can be. studied in 
terms of kuilding systems and the sum cf ccsts for each of 
these systems will be the initial constructicn cost fcr the 


Eueeldin gs 


Pence ucel ug Costs 


The Lrecurlting costs for a building car be 
essentially the same each year cr they can vary consideratly 


cver time. Types cf recurring ccsts are as fcllows. 


Geeewerarma —- Utility Costs 


Cperating costs depend on hew the buildinc has 
been designed and hcw it 1s used by the cccupants. The 
climate has an obvious effect on the heating and cccling 
requirements. Stemeunet Lon tore pertormed in the cuilding 
May serve te reduce operating costs by providing much cf the 
heat required (an auditorium) or may increase operating 


Sests (coOGling a CcCmputer room in a hot climate). 


The interaction between functicnal systems can 
ke used in the design develcfment to evaluate tradeoffs cn a 
life-cycle basis. For example, the lighting system micht be 


used to provide some of the heat required in the building. 


pet ante hance 


The Gost Ot Maintenance is a serious 
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consideration in life cycle ccsting. Scme materials look 
gcod when new and pertcrm their function well but freguire 
extensive maintenance on a daily or weekly basis. Some 
mechanical systems depend on sophisticated ccntrol systems 
which werk well only if continually tuned or adjusted. 
Other systems may re mcre expensive initially but work well 


fer years with no attention. 


c. keplacements 


The ccmponents of various systems within a 
cuilding do net last forever. Some, such as foundation 
Systems may last as lcng as the building , Eut others, such 
as the roct system, may require replacement one cr more 
times during the life cf the building. Mechanical systems 
need occasicnal replacement cf component parts such as pumps 
or fans. Scme functicnal equipment may require replacement 
with newer and more efficient mcdels. Sometimes the [asic 
use of the Euilding wili change and the original mechanical 
eguipment will pe replaced with equipment of larger 
capacities. These possibilities must be ccnsidered in the 


life cycle ccst analysis. 


Gea ltetat acne 


Alterations of a building are practically 
ieeovitablenw un ven 2tiethe form perfectly fits the functicn on 
the first day of occupancy, changes will te desired soon 
afterwards. The dynamic Watuee POEs activities bieing 
performed create a necessity for alterations every year. It 
1s hard to evaluate what alterations might be made Eut in 
scme types cf buildings there has been encugh experience 
Witn rcutine alterations that a reasonarle estimate of 


Frokable costs and consequences can pe made. In any case, 


ihe 





(ete etHe wemeca “LEE future alteraticns can be reascnably 
predicted, they shculd be included in the life cycle cost 


analysis. 


€é. Functional Use Costs 


Functional use costs can be considered 
separately from the facility operational costs. The 
mimerton 8G: a budlding might be to provide healtt care 
services. This functicn would require doctcrs and nurses 
and certain specialized equipment. Such functional uses 
must be considered by the owner when he is evaluating his 
cverall investment. From the designers pcint of view cnly 
Changes in functional costs need be considered. If the 
decision at hand is whether to use gas or electric heat, the 
number of nurses to be emplcyed is not relevant. ioe el 
décision on building layout requires an additional nurses 
Staticn tc serve the same number or patients, the functicnal 
cost of the additional nurses station must be incluceéd in 


evaluating the alternatives. 


PicomnCigtiIVvensTGgnatdecance Of initial constrtction 
ccests versus the total cost of ownership can be seen in an 
example cf a hypothetical office building. This example has 
Feen taken from the private sector sc the impact of 
PeicatemiGmenewene mw cOtal cost cf ownership can be shcewn 
(Ref.1]. For a federal project there is no visiktle 
financing charge but rather an imputed cpportunity ccst for 


investing in the project. 


The following example is based on a hypothetical 


Seete-mauiieawngG or 100,000 Sguare teet (SF) ccnstructec ata 
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cest of $50/SF. Design and cther owner costs are estimated 
at 10% cf censtructicn cost with an additicnal 10% interin 
Palincimagncocc, DLLNgGing the total initial ccst to $60C,000. 
POnemmrncmyedtowsatter Initial constructicn, operatirg and 
Baintenance costs are estimated at $2/SF over a life cf 40 
years. Cyclical renewal costS are estimated at $250,000 
every eight years. The total amcunt financed was $6,0C0,000 
at 8% for 40 years for a total interest cost of $14,00C,000. 
These ccsts are listed in Table II-i and illustrated 
Peapnrcariy Im Figure 2-1. The time value of money is 
disregarded in this example ror the purpcese Or 


Simplificaticn. 
PereOorneheecaAlt OFFICE BULLDING 


Initial Froject Development Costs: 


Mipecia lt GOnStruct lon Ota ee 

100,000 SF at $50/SF $5,000,000 17.24 
Design and other cwner costs $500,000 are 
interin financing costs $500,000 mle 2 
Subtotal Initial Costs $6,000,000 Z0,€68 

@entinuirg Preject Costs: 

Opéeratirg and maintenance cost 

$2/SF/YR for 40 years $8,000,000 2h eo 
Cyclical reneral cost 

$25€C,000 every 8 years $1,000,000 Sia tea) 


PinenGirg cost 
interest cost for a decreasing principal mortgage 
c£ $6,000,000 at 8% for 40 years 


$14,000,006 48.28 
TimeoOcameonrinunng Costs $23,000,000 YS eee 
tomb remeyole Facility Cost {$29,000,000 OOn GO 


aro emi i 


a 








design 







1) 9 oie ap We 
Gonceructilon 


ince r ene financing 
ating and 


Malntenance costs 


cyclical renewal 
costs 


aloes | Ao 


This example excludes the cost of land, the cwner's 
functional use cost, and any salvage or dispesal costs at 
the end of 40 years of building service. The inpact of 
these items is highly variable but tends to further reduce 
the percentage of life cycle cost attrikutable to iritial 
ecnhstructicn costs. It should be cbserved that the designer 
sheuld strive for minimal operating and maintenance ccsits, 


SmiG@cet bey seme d Significant portion of the tctal cost. 


Pee Percy CLENMCOST NODEL IN DESIGN ANALYSIS 


Petommeyvcles cGst §modeling is one cf a variety of 
techniques often used for performing ccst studies under the 
-Eroadéer term of economic analysis. With respect to building 
design, the Naval Facilities Engineering Ccmmand (NAVFAC) 
divides éeccncmic analysis into discrete types according to 
tne purpcese cf the analysis [{[fef. 2 ]. The kEroadest tyre is 
the Fundamental Plarning Analysis (FPA). The FEA is 
directed at the facilities planning objective. ita tells; 
Given that a mission function is to be performed, the FPA 


seeks the optimum methcd of satisfying the réeguirement. The 
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[meron May OF Mays not turn out to include a military 
ccnstruction project and planners should ccnsciously resist 
the temptaticn tc merely use the FPA to justify a decision 
to build. The analysis should lead to a decision ané not 


vice versa. 


FPA is further divided into two types, primary and 
seccndary. The primary FFA addresses itself to the Lasic 
need and ecornrcmic justification for some change to present 
conditicns, the justification being in terms of absclute 
cost savings. A secondary FFA is used once a deficiency or 
changed reguirement fcr a facility has been identifiec. In 
essence, given the requirement for a facility, the fost 
eccnonic means of satisfying the requirement must be 
foeoEbineds Li 1S Eeecgnized that the facility will cest 


mcney and the least-cost alternative is sought. 


The seccnd broad type of economic analysis with respect 
tc building design is referred to as Design Analysis (DA). 
The DA is used once the decisicn has been made to build. [It 
1S an éconcmic analysis of design alternatives. The DA is 
essentially the same thing as the FPA éxcept that DA 
addresses design alternatives and FPA addresses planning 
alternatives. The FPA is usually prepared by the Navy 
Merivrtye ase dad Part Of the Facility Study (DD Form 1391C) 
Supporting a request fcr approval of a military constrtction 
EEO VeCt . Tke DA is usually done by tne architect as 4 fart 


c£ the project design documentation. 


Premmecyele —cesting in tuilding design as discussed in 
the thesis is primarily ccncerned with the DA type of 
eccnomic analysis. PCGmmECEUSCsuPmOte gust On the initial 
economics cf various design alternatives but on the 
implicaticns those alternatives have on lcng term ccsts. 
The purpese here will te to explain the life cyclé cost 


ocdel as a tecanigue for design eccncemic analysis. 


Ve 








Pepalcatiten cl the wodel will be illustrated with scme 
examples taken from recent military construction prcjects 
and some exarfples constructed specifically to illustrate 
possible aprlications. The examples will ccver compcnents 
Guecmoudendind. 9A thercugh LCC study for a design preject 
May include detailed analysis of only one building component 
cr of a multitude of components depending cn the judgment of 


the designer in a particular situation. 
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A. INTRCCLUCTION AND OVERVIEW OF CHAPTER 


This chafpter reviews the Ltasic mathematics of ccupcund 
interest and relates the Lasic concerts tc the LCC model. 
Since the Department of Defense (DOD) specifies the use cf a 
HJeeGrscciunt  Eate, the origin, o£ that discount rete is 
discussed. The treatment Ot normal iit Laka on and 
differential inflaticn now being experienced in the field of 
energy is reviewed next. Then the process cf discotnting 
Gacmmeclow=S is aitlustrated using cash flcw diagrams and a 
table of computations which will serve as a acdel for 
further illustrations in the appendices. The chapter 
ccncludes with ccmments on peculiar problems associatec with 


estimating ccsts fer use in a LCC model. 


Eemeelboe LINE VaAlUs CF MONEY 


The mathematics cf compound interest is the founcation 
ci life cycle cost analysis. The subject is addressed ln 
detail in various teéextS cn management and engineering 
eccnomy. Beferences 1 and 3 have been used ir the 
preparaticn of this section. This section is intended as a 
brief review of those concepts, a retresher to help in the 


understandirg of following sections. 
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Picomedavemnerortula from which all the f£f¢licwing 
formulas can be derived is the single compound amcunt 
Pemvurdweslit d PrELCipal amount, P, is invested for n years 
Romane dantual Fate Of interest, i, it will be worth a future 


amcunt, F, as a result of compounding. 


eee e.) (1) 


n 
Mij=wtaccor, ({1ti) , is called the Single Ccmpound Amcunt 


CMe een pec the SCA factor 1s used for 


Beene ceinG Cecsts »tOrward in time from the fresent tine tc 


factor (SCA) by 


= 


the start of the analysis zero year. 


present 0 i 2 3 
J Pure, e 
4 F 

analysis 
Aes F = P (SCA) 
year 
iS alopbper=s eof 


eZ 





eee gle shGesent Worth Factor (SEW) 


The problem of simple ccmpounding can be reversed to 
EGeoleuwnat Prancipal, P, must be depesited now so tkat by 
Earning interest at an annual rate of interest, i, it wiil 
increase in value to a future amcunt, F. The terms are the 
Ssamé as é€guation (1) Eut instead of solving for F, we sclve 


ror —f. 
P=Fe1 (Z) 





n 
Pies factor t/7(1+2) 1s called the single present 


Meme@ieraGeOEMioo Wie [nh LCC the SPN factcr 1S used for 
Eringing ccsts back from some future amcunt to a present 


value as cf the base period. 


O >) LO Is. 20 De 
Pp 
F 
P = F(SPW) 
12 ale hers" 3272 


Seer esen of NKingmeund KaccoOr (USF) 


Cften it is necessary tc accumulate troney to meet 
scme future e¢xpense. To determine what annual anctunt,A, 
ust be deposited at the end of each year for n- years, 
€armIning an annual interest rate or i, in crdeéer to frocuce a 


DUeuEewamzeUnu, F, the following tormula would be used. 
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7 
7 








ee eo Oe (3) 





n 
The eaemwer I/( (ire) =-—1) 2s called the ‘“urifcrn 


Seung Lund Eactor (USF). M@gmcCemma DD ilacacltOns whe TUSr 
factor is usé€d fcr converting some future cash flew tc an 
equivalent uniform annual cost (EUAC). For example, if a 
building must be removed frcnm leased premises at the end of 
the lease the cash flow can te considered as a future cne 
time cost cr aS an eguivalent series of uniform cash flews 


cver each year of the lease. 





faduee 3-3 


Dee Onmmonundccliraple ©£e KnOW What annual amount, A, 
Sele cbe Searned ECr mn years from a princifal investmert, P. 
MMcomeanmcercuna CY sUDStTLIEULLANG In eguaticn (3) the value 


eevee rea F ab equation (1). 





heer {(SCAys 5) 
Nn n 
A = EF(1+i) eiy((1+i) -1) 
n 
hee = ier + 2) (4) 
Nn 
i) = | 
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n 
Diemer etre) 25 called the unificrr capital 





n 

ae) 
Powomemvertaceer (UGK). Ih terms of LCC the UCR factcr is 
used fcr converting some present cash flow tc an eguivalent 
uniform annual cash flow. The initial investment F is 
pea snedmoayetnes UCR Eactor to cbtain the EFUAC. Ccnversion 
of costs tc EUAC is sometimes useful in ccmparing 


Pee rNatives Cl GLELeCrent eccnomic lives. 





P A = P(UCR) 


Figure 3-4 


5. Uniform Compound Amount Factor (UCA) 


— = a ee = om 


(icmtoaniurhannornunmercrm Sanking fund (USF), equation 
(a), Can ce reversed. feewecnuecerannual amcunt, A, te. be 
invested at the end cf each year for n years 1S Known, the 
MiemGewanbcunt, £, Gan Ee £ound by solving equation (2) as 
EGlicws. 
F = A 
(USF) 





Fry 
iT) 


ee) 
AC Sees | 


~-_ 
(A 
— 


1 


n 
Wiceeieterm ita) —~1 15 Called the unifcra 
1 


Cimecwnamamenn: tactor (UCA). In LUC thas UCA factor could 
Fe used fcr converting a series of uniform annual costs to 
an eguivalent single ccst at scme future fEeint in time. 


Ihnis would Le be applicable in the case of a long leac tine 


(5S, 








befecre the base pericd fcr analysis. An cwrer might have to 
Fay annual taxes cn his prcefperty for a feriod of several 
years befcre construction is compiete and krenefits start to 


aGceLlWue. 





F = A(UCA) 


Pacune  3=> 


Oe Uni LcCrmePLesSent Worth Factor (UPW) 


—e om 28 cee ee oo oo =e ce ee oe a GEES eo [> = a «a 


Pics fOriutaqmmtOr UNITORM capital recovery, eqtation 
(4), can ke Similarly reversed. It the annual urifcra 


payment, A, 1s known, the present principal value, PB, of 








these payments can be found by solving equation (4) as 
Pellows. 
P= A (6) 
(UCR) 
a 
Jo ee ie ea 
ao 
(1+2) 


a 
The facter (1+1) -1 is called the 


2 (+9) 
ieee m mero cchtmworth factor (UPW). Ein LCC the UPW factor 
is used fcr ccverting a series cf uniform annual costs tc an 
€eguivalent single cost at thé present time. Annual 
Maintenance costs are commonly ccnverted tc present value by 


multiplying the annual cost times toe UPW factor. 








P = A(UPW) 


Pa oure 3-6 


See LE CIiGN OF DESCOUNT RATES 


The ccmpcund interest equations are often explainec witn 
the factcr i represented as the annual rate cf interest, a 
financial relationship between a borrower and a lender. A 
Ncre general interrretation cf i is the rate of return 
required by the investor. There are several approactes to 
determinirg the rate of return, depending cn the investcr's 
Gam «=Sitvaticn. It may ke best in some fcrms to use the 
cppcrtunity ccst of investments foregone when the capital 
kudget is limited to internally generated funds. In 
competitive industry the weighted average ccst of debt and 
eguity capital mignt be chosen as the mcst affropriate rate. 
Rebate rSlighgtly —~higher than a regulated “fair rate of 
Bosten mtiegute oe Used by a public utility ccmpany. Chapter 
Mmecwmcnciwes Gcentains a good discussion cr choice ci a 
Binimum attractive rate of return. 


Pee ecelmMertcilal Mescount Rates 


In the ccecmmercial area no real renchmark has [E¢en 
establisked fer the discount rate to be used. Each analyst 
Cm nin -celsommtlec dinkve at 1tS OWh abprcEriate rate tc be 
used. The rates commonly used range from €R to 13% with 


scmée higher than that. A firm with a limited capital ktudget 


ai, 





and several very promising investments fropcsed might easily 


Pee aweut-Cciterdte Of return at 20% or higher. 


Agencies of the federal government nave facec rany 
different arguments abcut what discount rate should be used. 
Scme engineers argued for a zero interest rate for frcjects 
financed cut cf current taxes, while others argued fcr an 
interest rate egual to the rate paid on fuklic borrcwing. 
Semele other=s SUPpOEted an Oprortunity ccest aferoach. These 
varied views led to diverse practices in federal government 
agencies which were described and criticised in hearings 
refore the Sukcommittee on Economy in Gcvernment cf tne 
JCcint Eccnomic Committee of the Congress ir 1968. These 
disagreements have ncw been resolved with release cf the 


fcllcwing documents. 


a. Stockfish Faper 


ime GOnCept Of OPpOrtinity cost ncecweprevails an 
the federal sector. This concept was explained in a farer 
entitled "Measuring the Opportunity Cost of Government 
Investment", IDA Research Paper P-490, March 1969, Ly J. A. 
Stockfish. Stockfisn worked on determining an average rate 
cf return cn private investment capital and arrived at an 
cverall weighted average composite rate of return of 12% for 
the years frem 1949-1965. This nominal rate of return was 
reduced for inflation Ey netting out the 1.6% average énnual 
consumer price increase over the péericd ccnsidered. The 
conclusicn was that mcney spent for government investments 
icieGmmcvortmmrunds £rOm the srivate Sectcr that cculd ode 


invested for a real rate of return of apout 10.4% (Ref.2]j. 
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peecmeo Circular A-94 


Eased on the Stcckfish paper, and presumably 
Many other ccnvincing arguments in favor cf the opportunity 
cost approach, the federal gcvernment has selected a 
discount rate of 10% to be used in economic evaluaticn of 
investments. This rate is specified by OMERNCrrcular ) ya—04 
aomoy DOU Tnstruction 7041.3. The use of this specified 
discount rate has enabled prejects to be ccmpared cn an 
egual kasis without the distortions inherent in ¢ach 
department deriving its own rate. Interest tables based on 
this rate have been published in DOD directives and used by 


Beebe Services. 


i-eelothatLon-diseount Soread 


Scme higher rates of return are "nominal" rates 
Wem ineluae both the effects of anflaticn and the real 
Earning fower orf money. Wher "nominal rates are used 
operating ccsts for the future must first Fe escalated at 
the assumed inflaticn rate and then discounted back tc 
Pbecs-ne Valle Using the “nominal™ rate cr return. Some 
analysts take the position that interest rates and inflaticn 
increase and decrease in a parallel fashicn with interest 
EtieecmeCecHststentiy Staying about 3% akcve the inflation 
tate. In that case tne selection of any "ncmwinal" rate and 
a corresponding escalation rate is considered acceptakle as 
long as the spread between the two 1s Kept at 3%. The 10% 
discount rate used by DOD is a "real" rate cf return where 


the effects inflation have been removed. Ene cOne=slLtuaticnus 





however, such as energy analysis, additional inflaticr rust 
bre considered. 


Poet roerent lal Inflaticn 


The 10% real rate cf return sfecified by OMB 
assumes that a normal amount of inflaticn strikes all 
alternatives and cash flows uniformly. Hcwever, in some 
specific casés the analyst will have firm justificaticn for 
iempgean intlatlom tate in excess of the inflation rate of 
the general economy. PicmevOL wmepOlaCcCye regqarcing Ssuen an 
Siiemesis iS tc splat the study into two phases. The first 
fhase would use prices in terms of constant dollars using 
the standard 10% discount rate. A second phase of the study 


would consider the differential inflaticn. 


Since a normal amcunt of inflaticn has already 
been considered via the 10% disccunt rate, cnly differential 
inflatior shculd be considered in the second rphase.In cther 
words, if fuel costs are expected to rise at 8% ard the 
general econcmy is expected to inflate at 5%, only tke 3% 
differential ainflaticn rate should be used. Fuel costs 


should then be frojected to each Cuture year (n) by 
Penmsoundang according to the formula F = Lee ae That 
future agcunt F shculd then be discounted back to the tase 
Hestod according to the formula P = Ey (1#.10) The 


Pitdaeten ang Gdiseccunting Can be done in eEither crder ofr 
Mounuecdcaotec 5) Se Of Interest tables constructed for that 
Purpose. The tables provided by Ref. 2 fcr this ptrrtcse 


have been used in this thesis. 
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Pee aecCUNTING CASH FLGWS = EXAMPLES 


The relationship between cash flows in a life cycle 
cest analysis can cften be clarified by use cf a cash flow 
SSL Bi ebay In these diagrams the timing of cash flcws cver 
the years under consideration are represented cn a 


iemmezontal time scale. 


O > 10 ihe 20 years 
a lh 


Figure 3-7 


The cash flows occuring over the years are 
represented Ey arrows drawn at the apprerpriate point in 
time. Costs will be represented as downward arrews and 


kenerits will be represented as upward arrows. 


benefits 





Pagute 2-5 


The ccsts and tenefits are tnen listed in tabular 
PemimmrGreNGCMDMtcation= to convert them te the common kase 
year for analysis. Any year can be chosen as the base year 
food VveWwoouteEhe MGSt COMMON Practice 1s to convert Eoth 
CGsts and benefits to thelr corresponding value as of the 
present tie. The ftollcwing is a Erief example to 


illustrate the format to be used in following chapters. 


3. 





Assume that an energy ccnservation project will cost 
$10,000 teday. It will need a repair or replacemert of 
Ean tawewemtne €nd Of the firth year costing $500, anc will 
save $1,200 in fuel costs for the ten years cf the study. 
The net present value (NEV) of these cash flows can be 
determined as follows, in order to determine the feasitility 


€f the prcoject [Ref. 4 j. 
a. Initial Investment 


The first cash flow is the investment ccst of 
Pu, 00O. This Cost occurs at the beginning c—& the preject 


sc it is already in present value terms. 


0 5 loyrs 


$10,000 investment cost 


Eigure 3-9 
gE. kéepaic or Keplacement of Parts 


The next cash flow we will consider is the $500 
cost of replacement parts in year five. The cash flcw is 


considered tc cccur at the end cf the year. 


0 5 ILS, 


—___-__— 


$500 replacement parts 


P2qure 3-10 


PmicmmooOlm TrUEUEEe ~GCCSt mus: E-e converted to 
Eresent value by multiplying by the appropriate single 
present werth factcr (SPWP = £500(SPW, i1=10%, n=5) 





Pe— 25004056209) =$310 
PeuewesceGechpucca TrOmM equaticn (1). The $500 cost can then 
ke considered equivalent to a $310 cost cccurring at the 


present time. 
c. Annual Fuel Savings 


The last cash flcw is the series cf benefits due 
te the fuel savings. These benefits are shown as arrows 
akove the hcrizcntal time line. Again the cash flcw is 
@emetdereaetc aceur at the end of each year. 


oi, Z2007YR fuel cost savings 


0 | | | h 


Pegiimei 5 — |) 1 


The uniform future benefits must be converted to 
present value by multiplying by the apprepriate Uriforn 
Present werth factcr. 

P = $1,200(UPW, 1=10%, n=10) 
Bees le 200(5.144) = $7,373 


In this case it was assumed that the fuel ccsts 
did not inflate any faster than the general economy. UPW 


was computed from equation (6). 
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d. Biscounted Net Cash Flows 


Ccmputations are summarized in the following 


feria t. 

PROJ Cost AM OQN T BISCEUNT - DPSCCuUNTED 

YEAR PIO) Te RE ONE-TIME RECURRING PAC TOR Cest 

0) aa tee $10,000 ice © $10,C00 
investment 

5 replacement 500 Slonae Sal. 
parts 

1-10 annual (517,200) 6,144 (7 Ges) 
fuel 
Savings 


mera inenwe ¥ COST Sea As 8) 7 


Reel ete 


— ee ee ee ee ee 


HesteOuntiwe  EOGUS In LCC analysis 1s cn costs. LOE 
this reason it is more convenient to use fFesitive numtkers 
PomeCost=nagdse CORSILdeL any benefits as negative ccsts. 
Benefits are thus shown in parentheses in the tacular 
format. In this example the sum of all the discounted ccsts 
1S positive indicating that the costs have exceeded the 
renefits and the project does not generate a 10% return on 
the investmert. 


Ccipmuearton Or théessdiccount fLactcrs from tae 
eguations is often ccensidered inconvenient. Traditicnally 


Baoles Chedicccune Lactors have been used tc eliminate the 
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need for complex computations. The use of the tables can be 
explained in textbooks rather easily with appropriate 
emphasis on application of the principles of compound 
interest rather than on deriving of formulas. The tables of 
discount factors most commcnly used for economic analysis 
Within NAVFAC were published in Ref. 2. 


It should be noted that there is a difference 
ketween the present value factors given in the tables of 
Ref. 2 and the factors cktained by using the formulas 
discussed earlier. That difference is because of a choice 
between twce conventicns for modelling cash flow. The gost 
common ccnvention is the end-of-year ccnvention. This 
ccnventicn assumes that cash flows occur at the end of each 
interest pericd and the period is assumed tc be one year. 
This annualizing ccnvention is taught in Easic accotnting 


and engineering eccnomy courses. 


The second ccnventicn used is tke unifcrad flow 
SOuvenrtens| Refs 95, Apr. Aj. ii smecenvention recocnizes 
tite Maly types OL Cash Llow de not occur at only one feint 
in the year. Interest payments may occur semi-annually, 
Bees Might be paid quarterly, utility bills might be faid 
mcnthly, wages might be paid bi-weekly or weekly, and a 
Vemnety ck Eeceipts cr disbursements ight cecur “dame Or 
even more often. At the oppcsite end of the spectrum fron 
the annual period is the assumption of an infinite numter oz 
small periods and the continucus compcunding of interest. 
Continuous compounding usually requires more detailed 
explanaticn in presentation of economy studies so annual 
ccmpounding 1s more commonly used fcr reference. The 
DiEROMieenew COMVENETOn 1S Extlained by ker. 2 as the 
average disccunt factor. It happens that the average cf two 
ccnsecutive end-of-year factors is tne same as the factor 
cktained when using continuous compcunding in the uniforam 


Preowmcomvention (Ret. 3 and 5]. Neither convention matches 
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perfectly tc real life cash flcw situations although there 
ace many arguments that the unirtorm flow conventicn is 
closer to reality. The most accurate result would Le used 
ty using a ccmbination of the twe conventions but then such 
additional accuracy might be considered unnecessary. The 
whole precedure is intended aS an aid tc arriving at a 
Pawetenal Gmgler ing ona alternatives. fhe rancungueot 
alternatives will not normally be arfected by which 
cconventicn is chcsen. The tables provided by Ref. 2 and 
Ref. 5 are based on the uniform flow convention and 


explained as an average of consecutive end-cf-year factcrs. 


Pomel noc renee OF ESTRMATING COSTS 


The procedures involved in life cycle cost analysis 
do not single-handedly assure greater accuracy in investment 
decisions. The initial cost estimates, bcth for investment 
ceosts and recurring operating costs are the prime 
determinants of accurate analysis. The initial estimates 
Must ke as accurate as possible and certainly all inclusive. 
Cest elements omitted from the analysis invariably lead to 
greater distcrtions than errcrs in estimating those elements 


that are included. 


Initial investment ccsts are usually based cn a 
CGucwallesnlepemcost eStifiate Flus varicus frent-end costs on 
the project. The level of detail in the cost estimate 
varies with the stage of design development. Early in the 
Froject the estimating parameters may be overall dollars fer 
Paiste etc OrerOr ee SUlI ding cr an average ccst per BOQ rccm. 


Later in the pereject mcre detailed parametric estimates will 


36 





ke develcped based on unit estimates fcr different elements 
cf the building such as dollars fer sguare fcot of exterior 
Walls, interior walls, roof surfaces, or dcllars per light 
fixture. In the final construction estimates there will be 
a detailed kEreakdeowr for each category of Jlakor and 
Materials the contractor will use in ccnstructinc the 
Maciel ty . In most cases this will be the nost accurate 


estimate cf initial cost. 


The initial estimates crf operating costs will also 
bké engineered estimates. For example, detailed procedures 
are used to estimate the energy use in a building. The 
Cwhner's estimate of functional use costs fcr each of the 
years under consideration will also be included. Obkvicusly 
tums di Lilcult) tO EroOvect such estimates very far intc the 
adn r © Even energy costs are highly variable depending on 
hcew the owner operates his business. Will an energy 
ccnseérvaticn program always be in effect? Will the amount 
c£ ventilation air reguired stay the sane? Will 
Manufacturing processes change demanding more 2lectrical 
cconsumpticn? The analyst must have initial estimates for 
these ccst elements. They cannot be accepted as 100% 
accurate in any case but any analysis must Fe based or the 


pestmemikCrmation available. 


c. Freguency of Changes 


a ee a = ee oe 


Scmé routine changes during the eccnomic life of a 
building can be anticipated. The accuracy of these 
PEOnecCtTeicmewitie Seriously affect the life cycle cost 
analysis. A later example will illustrate the questicn of 
Pooetweinagm partition, walls. kill changes be made every 
three years cr every five years? The analyst must make ecne 
kind of a judgement asc he deéevelcps his study. Ideally there 


wculd be histcrical precedent to guide hin. Realistically 


a) 





little data has been collected on previcus experience and 


analysts are on their cwn for the most fart. 


Scmé guidance has been published on the average life 
cycles cf different items of mechanical e¢cquipment. Scne 
analysts use the data cn average useful life provided in the 
Energy Research and Development Administraticn (ERDA) tganual 
entitled, Lite Cycle Ccsting Emphasizing Energy Conservation 
[kef. 6 }. Some brief guidelines for different types of 
buildings are provided in Ref. 2. What is really reeded 
though is net the overall building life but the expected 
useful lives of different elements of the Euilding. It is 
generally recognized that if various elements of a building 
are replaced as they wear out the building can envcy an 
cverall tseful life much beyond that originally plenned. 
Toe Navy's experience with “temporary” s«coden buildings 
Semeeructed an WWLTI is sufficient evidence ci this feint. 
Some estimates of the life of pbuilding ccmponents can be 
cktained f£rcem manufacturers cr materials suppliers. Scme 
firms are ceévelofing their cwn estimates btased on in-hcuse 
experience. The Navy seems tec have encugh experience within 
the NAVFAC family but it requires much more develcrment tec 
aeongelteanec a LOrm which cculd be directly used by the 
analyst. Informed sudgment 1S now the watchword for 
Estimating the frequency of change of individual building 


elements. 


The estimates cf costs of replacements can intrcduce 
Ppa OrelmcrrOrs santo a life cycle ccst analysis. EVery 
engineer whe has sat in on a bid opening for repair and 
Cenovaticn werk is aware of the range of responses generated 
Ey the uncertainty associated with replacements. MGSe 


Farametric estinzating manuals are based on new construction. 
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Most estimating for repair work is done by amcdifying 
estimates fcr Similar work in new construction. The 


BeesctoLli tiles £or E€LEer are compounded in this situaticn. 


The amount of money tc be spent cn maintenance is 
dargely a matter of policy and the amcunt of mcney 
available. These twcec items will have a significant effect 
eumamy Lite cycle cost analysis. if one firm intencs to 
paint tke exterior walls frequently tc maintain a sharp 
appearance and another paints only as often as necessary to 
protect the structure from further detericraton they will 
cEtain very different results from the LCC analysis. Again 
this is a matter requiring judgment on the part cf tne 
analyst. Alternatives must be ccmpared on an equal [fasis, 
sc the same results-orlented maintenance policy must be 
applied tc ali alternatives and the policy anticipated must 


re reasonably accurate. 


ie) EXAMELES 


Appendices A through C ccntain examples of life cycle 
Beste calculations fOr potential cost savings relating to 
Cperations, maintenance, and repair cr replacement. A 
ceview cf these appendices will provide guidance on use of 


the techniques previously described in this chapter. 
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A. INTROLUCTION AND OVERVIEW OF CHAPTER 


Most cf the application cf LCC in the federal government 
has been in ccnnection with weapons systems develctment. 
This chapter examines recent experience with LCC in the 
Bilitaryyindustrial community,  fpointing cut some of the 
Froklems Wien the mass of data and the variety of 
a@applicaticns involved. Current efforts in the application 
cf LCC technigues to building design are reviewed concluding 
with a Summary of a computer model now being used by the 


Navy for ¢valuating design alternatives. 


Poe LET ARYSINDUSTREAL LCC EXPERIENCE 


1. Wearcns Systems 


Much of the picneering werk in the use of LCC mcdels 
nas  OCeCcurred alg weapons systems development. The 
Mathematical models generated to study the long range cost 
ijazplicaticns of systems design decisions have been muck tore 
detailed and complex than the models new in use for tuilding 


design. 
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a. LcCc Models 


Feference 7 presents a compilation cf five 
automated LCC models for small arms and combat vehicles. 
This paper includes mathematical models, ncomenclature lists, 
derivaticns cf pertinent relaticnships, and detailed Fcrtran 
ccmputer frograms to use in LCCstudies. The study used 
Multiple categories cf cost and 110 elements or sets of 


data. 


Cther detailed studies concentrate entirely on 
the mathematical aspects of LCC modeling, examininc the 
treatment cf parameters, time phasing, and sensitivity 
analysis. An early Army study, Ref. 8, uses two types of 
sensitivity. analysis. The first 1s changing the values of 
variables in the LCC equations. The seccnd uses partial 
differential eguations to derive sensitivity equaticns in 
terms of each of the variables. With many different 
organizaticns separately studying the application of ICC to 
weapons systems develcpment, many inconsistencies arcse. 
Much of the controversy over use of LCC naturally grew fron 
the inconsistencies and much effort has keen directed at 
developing guidelines for more uniform apfrlication cf the 


techniques. 


Pemecomtractual Implications 


An lmportant question in the minds cf many 
weapons systems prcecurement managers has beer the 
relationship of LCC pregrams to cther procurement techrigues 
Sulenemwas design t€0 cost. If a weapons contractcr is 
okligated te deliver a weapons system for a specific cost, 


Semi me Se NeoGeo fernacives which Dilnimize initial ccst at 
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the expense cf higher cperating costs? As the technigues of 
LCC have new been blended with "design to ccst" programs it 
has become clear that froduction unit costs are only one 
MeeceOL the total dite cycle costs.: Setting constrairts on 
this one fart of the total ccsts does net negate the 
applicability of the entire ccncept. When LCC techniques 
are to re included in a precurement it is generally 
reccmmended that the LCC model to be used, the paramgetric 
definiticrs and source selection criteria shculd be included 
in the development contract and preferatly in the Request 
Fer Propesals. Tradeoffs between design-tc-cost and lize 
cycle cost must be considered in the earliest staces of 


GHesign [— Ret. 9 ]. 


Zoeothe Ceiling Summary 


The decade of the 60's saw many different smcdels 
developed for use in defense systems projects. The prcgrams 
multiplied sc rapidly that sccn serious guestions were being 


asked in defense industry about how gccd the tecknigue 


really was fcr sclving practical problems. Some firms 
seriously guesticned the validity of the process for 
applicaticn ee an era Of turbulent Loco meq cece: 
development. Otome eiemewllCGheGlad asthorough study ci the 


whole LCC precess was the Boéing Company of Seattle. Eoé€ing 
published a study in 1974 which examined the current state 
of the art in life cycle costing and system effectiveness. 
Ihe study contains cre gsammyeas cr 160 documents 
referencing LCC and evaluated 14 computer frograms which 


Provide a data base £6 varicus LCC studies [Ref. 10 }. 


a. Ehiloscphy 


The philosophy of the Boeing study was tc seek 
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out a cost analysis technigue that 1S simple, flexible, low 
cost, and eéasily applied in various degrees of detail by 
engineers throughout the early stages of design. Cnly 
functional elements Significantly sensitive to cost shculd 
ke analyzed in detail. Standard design factcrs shculd be 
applied elsewhere. Several wmethods of froviding cost 


awareness or guidance were being considered. 


kE. Eroblems 


Pimerelaestldveore LGC =the grcup from Ecelng 
interviewed many engineers and managers with direct 
experience in using LCC models Our weapons systems 
development studies. Personnel interviewed were generally 
from tne systems analysis groups of Boeing, RAND 
Corporaticn, air Force, Navy, and the Army. The scurces 
were not guoted directly but Bcéing Summarized what they 
Celt was the consensus of the interviews. The consensus was 
that there were definite proklems with the applicaticn of 


LCC technigues. 


(1) Specific Applications 


It was found that most LCC models were 
George tOb SPecitLic bather than general apflication. The 
pre-existirg models were not effectively applied to new 
Frograms nor were they readily available fcr general use. 
This cculd te a result cf the diverse nature of weafons 
Systems. The parameters of life cycle cost fcr a tank cr a 
stall arms weapons program wculd certainly bre different than 


those considered for a shipboard missle systen. 


(2) Lack cf Valid Data 


Pic suepLlen ct collecting valid data was 
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cne of the main reascns given for the LCC gcdels net being 
applied. Much of the data available was found to be 
incomplete, or at least suspect. It was réeccgnized that tne 
data base reguired for most mcdels would be immense.The ccst 
eeGollecting SUCh data and transforming it te the f£craat of 


the model was prohibitive in many cases. 


Gz Future of LCC 


Some analysts interviewed by the Boeing study 
Paouoe rel that the concept of LCC modeling had run its 
course. Most models were nice for analysts tc play with but 
fer real world use they were not econcmically practical and 
were in fact unreliabie. The study group commented that 
this seemed to tke an accurate Summary of the state cf the 
aeceeate that time in fact the Bceing Ccrporation had cnly 
one contract (B-1 Avicnics System) that had any requirement 
memperrornm LCC predictions. That reguirement itself was 
Ccriented at showing the custcmer what the support ccsts 
woulda) Se and Not £05 performing tradeoffs for the acst 
effective eEreduct in the design stage. The volume of work 
cn LCC in recent years indicates that the ccncept of LCC 
ledelimqus has Met FUR its Course, in spite cf the opinicn of 


scmé individual analysts. 


a. Lecisions 


The Governgent Acccunting Office (GAO) has ruled 
consistently that LCC is a valid procuresfent techrigue. 
That endcrsement carries with it a series or decisicns 


affecting prcecedures which must be observed when conductina 
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a procurement with LCC considerations. Previsions for award 
ta the responsikle bidder whose bid is the mcst advantageous 
to the United States, "price and other factcrs considered," 
RomcetdiiLltak CONGCeEDPE to contracting officers. _LCC can be 
one of the factors considered in an award but only if 
bkidders have been informed that LCC will ke one of the 
factors used in the evaluation of bids. There must te a 
definite anc concise showing with respect Oo lower 
Maintenance and operations cost if that is to be used as a 
kasis for award to other than the lowest bidder. The most 
Siouc lal problem is to identify the LCC factcrs with 
SWenLeient Clarity and definiteness tc enatle bidders to 
know precisely how their bids will be evaluated. The ccsts 
presented in any LCC procurement must ke certain and 


ncn-speculative. 


gE. Ccmments tc Agencies 


GAO has suggested increasing use cf LCC. It has 
alsc suggested a switch in organizational crientation fren 
procurement te engineering organizations. GAO has asked for 
a more ccntinuous effort at developing and implementine LCC 
technigues, bore application to non-competitive procurements 
as well as competitive procurement, and more use of LCC at 
miewmstoecnitractor level { Ref. 11]. 


wy COMstruce lon LT paustry 


—_ <= cu ce es ee ee ee ee ee ee — Ee EE ae 


dea Gollec tt) On Or Data Base 


The construction industry is showing a great 
deal of interest in LCC techniques. The central preblem of 


Pdceaidremdacasce! LeCticn 1S still a subject cf much ccncern. 
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Scme leaders cf the industry feel that collecticn and 
dissemination of a data base ought to be done by fgubklic 
todies since the private sector cannot afford to dec it 
adequately on an organized t;asis. Others feel that the 
manufacturers cf ccenstructicn materials and subcompcnents 
should take the lead in developing life cycle cost 
experience cn their products. A specialty area of ECC 
consulting has been developirg recently to serve both fuklic 
and private concerns as they develcf more detailed 
applicaticns of older disciplines of eccnomic analysis [{ Ref. 
ee) 


gk. LCC and Performance Specificaticns 


The interface of ECE with performance 
specifications is an important pcint tc note. Perfcrmance 
specificaticns are based on a functional description of what 
a building product is supposed to do. The specification 
dces not detail how a particular building element is to 
satisfy the problem, it just describes the problem tc be 
satisfied. If nct properly dcne a perfcrmance specification 
Goulaepe bid low On initial cost but end up costin¢e the 
Cwner more in the long fun. LOmevcumccaily erfectave, 
performance specifications must be ccmmitted Ee an 
evaluaticn procedure which includes extensive use of life 
cycle costing. Increasing attention to life cycle ccsting 
Should inevitably improve the quality of Euilding systems 
daceMidateriatls ff Retr. 13 |. 


om Materials Manufacturers 


Io date there appears to be no centralized 
effort cn the part cf materials tanufacturers or the 


ccnstructicn and design communities to develcfp a data Ease 
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eC serve the industry. Seogecia firms “are “collecting 
infcrmaticn cn their own products, others rely heavily on 
what can be gleaned from federal research contracts and 
academic research. There has been some effcrt most recently 
emecae Dart ci the American Institute cf Architects (AIA) tc 
advance tke use of LCC technigues. Their recently published 
"Tife Cycle Costing, A Guide for Architects", explains the 
kasic precess very clearly and outlines a reccmmended format 
for analysis. The architects kave done scmeée collakoration 
With the General Services Administration in seeking a ccmmon 
fcrmat tor the study of functional systems in builcings. 
These effcrts in seeking a ccmmcn format cculd lead te a 
Sharing cf ccst experience data between the private and 


federal sectcrs. 


Crepeerncns FELERAL AGENCY EFFORTS 


Much of the develcpment in the use of LCC models in the 
late 1960's and early 1970's cccurred in the Department of 
Defense, working on weapons systems and ship systems. The 
use of LCC mcdels on facilities oriented désign work has 
seen an increase in the gid-1970's in the larger federal 


agencies. 


ieeeosea Lee in Public 


The General Services Administraticn has worked 
extensively cn its UNIFORMAT cost estimating system. This 
system is pased upon a standard hierarchical framework of 
ccest categories, eélements, and items. Geoncumeenh ti) the 
American Institute of Architects was wcerking on its 
MASTERCOST system, attempting to develop a national Euilding 


ccSst data bank. Fortunately the two organizations recocnized 
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the similarity of their gcals and their resulting systems 
and merged the two effcrts. The resulting hierarchical ccst 
system ncw gces by the GSA name of UNIFORMAT. The UNIFORMAT 
system was described in detail in GSA's first publicaticn on 
Mace eee bate Cycle §COSting in the Public Building Service, 
Volume I" [Ref. 14 ]]. 


GSA's second vclume under the same title is its "how 
Mmumianiat  ceneerning LCC. It includes a discussion of LCC 
ccncepts and analysis considerations and a complete 
descripticn cf how the process should be dcne for federal 
office Ee dang = Detailed forms and step by step 
instructicns for their use aré provided. The interaction 
ketween Euilding components is addressed by way of a 
UNIFORMAT Cost Matrix. A designer can use ths matrix as a 
helpful reminder of what buildirg systems might be affected 
by changes in any other system. Ape Sitilae= matrix» is 


provided for energy interaction with individual systems. 


GSA's program for LCC is well developved frem a 
Flanning standpoint. It is less comprehensive than cther 
programs which address functional related costs in nore 
detail. No extensive data ccllection has yet been initiated 
my GSA. 


The Lepartment of Health, Education, and Welfare has 
ncw published a series of manuals entitied "Life Cycle 
Eudgeting anc Costing, AS an Aid in Décisicn Making" as a 
Fart of a five year study spcnsored by the Public Health 
Service and the Federal Energy Administraticn [Ref. 15 ]j. 
The purpcese of their study is to improve the cost-~decision 
taking process associated with health fae litiacs by 


aa PopldgeeceecOscing  nodel that acts in parallel with 
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planning and design decision models. A lock at the titles 
cf the manuals published to date will give the reader an 
appreciation for the ccmprehensive scope of their work. 

Volume I Processes and Ccecncepts, Dec., 1975 

Volume II Energy Handbock, June, 1976 

Volume III Data Base Requirements, 

Formats, and Sources, May, 1976 
Volume IV Life Cycle Costing Procedures, June, 1976 
Volume V Data Management Plan, Jan., 1977 


The Data Management Plan picks uf cn the UNIFCEMAT 
system being promoted Ey GSA and AIA and then carries it cne 
step further. Because of the high cost impact of functicnal 
cperation-related resources cn the health care industry the 
data management plan prepared by HEW provides for collecting 
functional cost data. The data LCase required becomes more 
comprehensive and the computer programs for analysis cf the 
data beccmes more complex. The next phase cf the HEW study 
Will be to develop the necessary lite cycle costing models 
and programs and test them with data collected in acccrdance 


with their Data Management Plan. 


Seta elec Apprications 


The Energy Research and Development Administration, 
ERDA, puktiished a manual entitled, "Life Cycle Ccsting 
Emphasizing Energy Ccnservaticn" in September, 197€ with 
CTéevisiors in May , 1977 [Ref. 6 j). The handkook discusses 
the process of life cycle costing as a method for dealing 
With energy ccnservaticn design alternatives aimed primarily 
GemeGetrctt@erimg existing Eacilities. By using the analysis 
ccncepts sét forth in the manual budget requests for energy 
ccnsérvaticon programs will be standardized. This will allow 
a ccmparakle ranking of budget contenders. The procedures 


described provide for a series of levels of analysis 
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depending cn complexity of the project. A ncmogram analysis 


technigue is presented which allows screening out of many 


projects before expensive and detailed analysis is 
necessary. The focus on energy is evident in the 
moeroduection of the economic measurement Soneeprt of 


ETU/investmert dollar. 


Pee WESREIV'S LEC HODEL 


An efficient LCC mcdel is in current use Ey th2 Western 
Division, Naval Facilities Engineering Ccmmand, San Eruno, 
California. The nodel has been titled "An Economic Building 
Ferformance Model (EEBPM) after a thesis of the same title by 
feeeocephen Kirk, AIA. {Ref. 16]. (Moe Kink i2ntreduced 
the model at WESTDIV and worked on develcrpment of a data 
Bese cOesUPrcrt it until his departure in July 1977 to 
accept emrlcyment with the civilian firm of Smith, Hinchman, 


aidmGnryils Associates, Inc. of WaShington, LD. C.) 


PEPMeeOcuSes —CR the energy ccsts for lighting, 
Heating, Seo Lang , and equirment, SUNG ten) | Telesjigs Mogens 
Maintenance, replacements, and fire protecticn. The mcdel 
is based cn parameters prcvided by the designer. The 
farameters include a description of various elements of the 
Piaraung, the Climatic factors, orientation cf the building, 


Deity eOperdting Chareteristics and applicable costs, and 


eccnomic assumpticns. The model permits substitution of 
different parameters as the designer trys alternative 
layouts cr choices cf material. Primreits ale erevided 


which give the total life cycle cost cf éach alternative 


Peatesiecteren: Dackup data for interpreting the results. 





Work has begun on development of a cost data Ease 
fcr use witn the mcdel. The cost data base is in a building 
Systems format uSing a computerized cost estimating systen 
being developed by the Atlantic Division, Naval Facilities 
Engineering Command. Historical informaticn on maintenance 
cests is being developed from the Navy's maintenance ccntrol 
experience. The data base is not fully developed but many 
elements are already included. The data cLase is béing 
expanded as each new project is studied. Experience with 


the model and the data base has been very sucessful sc far. 


Pe Seon we iondnd sue her pevelopments 


evewortientmo: tre BEEMeis “continuing. The acdel 
itself is kéing improved as the data fF-ase develcpment 
continues. Further developments are desiratle, e¢specially 
the develcpment cf scme automatic procedure for formatting 
the Navy's vast cost experience with tgaintenance and 
Léeplacement programs in a way which wcetld allow direct 


access. 
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Vee suman yY AND  CONCLUSICNS 


ep a = ame = ee ee ee ee ee ee 


Pee LN PERSPECTIVE 


The development cf LCC mcdels in the military/industrial 
establishment seems to have run in a cycle of increasing 
eemplexity. As the models get more and gcre complex they 
keécome mere escteric, less useful on a bread basis, and 
extremely demanding in their requirements for data. The 
melectatacn CL trying to obtain a perfect mcdel of a ccnplex 
System leads to criticism of the LCC technique and waning 
enthusiasm fcr attempts at prediction. At scme point the 
decline is stopped Ey a reccgnition that the life cycle 
approach is still better than the narrow ccnsideraticn of 
Sey winvtial costs. Biemeceeunsaue can fe applied, Eut it 
Must be apfrlied judiciously. The technique may be 
cumbersome in the most extremely complex aprlications rut it 
can ke very useful in less complex and mcre predictable 
areas. Facilities désign 1s ore area where the models may 


find worthwhile application. 


Pew LOWARES 2 CONNOM rChRMAT 


One of the most prevaient proplezs noted in the 
Mllitary/yindustrial experience with LCC has reen the lack cf 
a ccmmon format. The same problem occurs in the application 
ermine eG to soullding design. Lacking any Ereadly accefted 


format, e¢ack designer adopts the basic ccncepts to his own 
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use and presents his analysis in whatever fcrm he ccnsiders 
will provide the clearest explanation of his analysis. The 
result is a wide variety of nomenclature and form of 


presentation. 


The recent efforts of GSA and ALA should help lead the 
Beneatruetion  InduStLry tOWards a common ftcrmat for LCC 
analysis. The development of the UNIFORMAT system is a 
Elect step for the industry. Other steps needec are 
agreement on terminology, agreement on simpiified form for 
rresenting the analysis, agreement cn the treatment of 
inflation, and agreement on the use of Equivalent Uniforn 
fomdaleCest OL Strictly present value analysis in tradeoff 
decisions. This is not to say that these twc organizations 
should dictate how LCC will be used in the construction 
muauStry . ieee yeaa vCumdone —)15 5G Set a tone oF 
ccoperaticn. Other industry leaders should jcin in anc work 
toward a conmucn format which will strengthen the usefulness: 
@recne LCC tcel. 


C. BUILLING A DATA EASE 


Good data is essential tc a good Eee analysis. 
Unfortunately, good data is almost non-existent, at least in 
the form in which it is needed. Maintenance and ofeéeraticns 
data is collected by tfany organizations. Scme utility cost 
data is excellent. temewiet erovide sa “secund basis for 
estimating eel ccnsumption fOr expected elinacie 
conditions. Some maintenance data is good, farticularly on 
housekeeping expenses such as floor care and relamping. For 
the most fart, however, maintenance data on Euilding systems 
1s not extensive and not available outside the particular 
Organization. Each cwner maintains scme kind of records 


(eo pwiewlcnine nls ~ Own plant and in the form he finds 





convenient. Collection of that data in a systems format 


Beene d2rect application to LCC studies is not being done. 


This lack of data should not bar effective use of ICC, 
however. The data that 1s available should be transfcrnmed 
into a useful form. New data can be added as each new study 
mmeedone, gradually building a data base with breader 
applicaticn. Broader applicaticn again depends on a common 
format. Within DOD, there exists a great deal cf cecst 
experience relating tc buildings. If a way can be found to 
directly collect that experience ina systems format, an 
adequate data base would socn be a reality. Tet 1s 
recommended that the Naval Facilities Engineering Ccmmand 
rursue ccllection cf its construction and maintenance cecst 
data in a systems format which can be directly accessed for 
mee studies. 


Deeeeoonr ULNESS OF THE TOOL 


When struggling with the complexities cf diverse fcrmats 
and elusive data the designer must not lose sight of the 
Pueeese Cr LCC ain Euilding design. The LCC analysis is a 
tcol, a technigue to assist in making design decisions. Re 
dces not have to pe absolutely perfect to be useful in 
crdering alternatives. The application or the technique can 
ke exceedingly ccmplex or fairly simple depending cn the 
level of decision being considered. In applying LCC trodels 
to facilities design a lesson can be learned frcm the 
cEroader military/industrial experience. Peeokept sinple, 


there 1s a gcecd opfrortunity to keep LCC useful. 
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Aree ONO 8 


PeCecimerrareNG ANALYSIS 


A. EACKCROUND 


Calculating the heat load for a buiiding involves 
determining the amount of heat lost to the exterior thrcugh 
€ach of the buildings components and then addinc the 
components tc determine total heat loss. The usual elements 
of the heat load calculation are losses thrcugh walls and 
céilings, infiltration losses around windows, and additicnal 
heat needed to raise the temperature of ventilation air 
brought inside the bu viding. A detailed heat Ilcad 
calculaticn requires the integration of heat losses frem all 
scurces over the specific time under consideration. Such a 
detailed calculation is provided by several computer 


ELrograms in géneral cogmercial use. 


ZPCum—eriieroses NOt liliusteacing the iLife cycle cost 
calculaticns, it 1S not necessary to knew all elemerts of 
the heat load. Savings on any one element of the total 
calculaticn will Fe reflected in the savings on the overall 
total. Ey knowing the thermal properties of one building 
element, ZUGhmAsm walls, thae component*s contributicn to 
total energy use can be calculated acccrding to the 


weliewa ng Lock muda. 


Heat loss = UeAedT eter. 16 7 


a) 





where, 


Q = heat loss in ETU/HE 
U = U-factor (thermal transmittance facter) 
A = Area of exterior buildirg surface 


dT = Temperature difference between 


Winter inside and outside 


The annual heating cost is then calculated according to 


the formula: 


eee 20mGr OD Ref. 16 
: - ( ] 


1,0€00,000dT 


where, 


a = Annual ccst cf heat 


Gee= COst (5)) per tlllaon BIU output 
D 


Number of heating degree days per year 


fu 
lar 
i 


Temperature difference 


Combining these twce equaticns, we find 


C = 24 C(UAdT) D 
h fe) 





1,000,000dT 


Dyemcateecriinged)], tne equation Can be rewritten as: 


C = U (24CAD ) 
h h 


1,€00,000 


From this equation it can be seen that the annual ccst 
cr heating the building varies directly with the thermal 
oe Mica OpmuracrOor for the building compcnent. The ccest 
Savings to re gained from additional thermal insulaticn can 
BioueOemweccnpared On a life cycle casis with the ccst of 


Puevidind additional insulation. 
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be WALL DPNSULATION EXAMPLE 


ime Unt reduction 


—_ on ep oe ee eee ee 


This will be a hypothetical example to illustrate 
the applicaticn of ICC techniques to the problenr ope 
insulaticn for a home. The simplest situations will be 
ccmpared. Tke base alternative will be a hollow light 
weight cers wall, 8 inches thick. The alterrative 
considered will be addition cf£ 2 inches of pelystyrene bkcard 
insulaticno tc the rcom side of the wall. The feollcwing 


assumpticns are made [kef. 17 ]}. 


2. AssumEtions 


Erices and insulation values are Cased on Mascnry 
Wall Cest, 1977-78, National Association Or Seba CK 
eect EtDutcces, NOtthern Ohio Chapter. The prices given will 
re in terms crf per sguare foct of wall area. Considerétions 
Tcr openings and maintenance are exe luded as being 


essentially the sage fcr either alternative. 


Piece leek walileis S1575/SF but Since this is the 
same for both alternatives the cnly ccst ccnsidered will be 
the addiitonal $0.45/SF to add the 2 inches of polystyrene 


Eeeard. inculaticn. 


iiemiecantoneopethe kuiiding 1 in Cleveland, Chio, 
which aas winter climatic conditions as follows: 6,350 
degree days; 7 Deg. winter outdoor design temperature; 37.2 


Teg. average winter temperature. The Eualding will be 
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assumed tc reguire a 72 Deg. indoor temperature. 


MicmemU<taceror fOr the block wall is .35 ard the 


fection OL inslldaticon changes the U-factor tc .10. 


The Euilding is heated with natural gas at a ccst of 
$1.93/MMBTU adjusted for a coefficient of efficiency cf .6 
giving a cest of heat delivered of $3.23/MMBTU. This 
eguates to a cost of .32 per therm (100,000EIU) which is a 
relatively inexpensive cost of fuel. The gas price will be 
assumed tc inflate at a differential inflaticn rate of 7% in 


excess or the general economy's inflation rate. 


3. Hollow light weight block wall alternative 
Q = Uehedt 
= (.35) (1) (72-37) 


=e coe. U/ ER 


OQ 
i) 


24 eCeQeD 





1,000,000edT 


(ung 2. 25) (67350) 
(1, €C0,000) (35) 


Il 


DO ty 27 se/7 ih 


tye Basic wall with 2 in. insulation added alternative 


—_ Pop oo pee ae Pe le oe = Eee Eh ee > =P ae eee eee ee SS a A a a a 


=i ONw@brts5) = 3.5 ELU/HR 
C = 24eCeQeD 
nh 


SD ee 


ip Goo, 00 0ed T 
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(Mee 2S ja 5) (5, 350) 
(1,C00,000) (35) 


POmUteg Sr 71 R 


to insulation 


5 (Obes, 


5 





Steere sania l Savings... . 
10 eS Xo) 





S257 Sr Cost Of 
additetonal insulation 


LSE 
JIL S| Pails aa 


Hiatal cost 
Or added 
Poeula tion 
cost kenerit 
Oise tile 1 


Savings 


Figure A-1 


AMOUNT DISCCUNT DISCCUNTED 
ONE-TIME RECURRING FACTCR COST 
245 1.00 Jus 
(ena) 16.049 (DE aos 
TOTAL NEV BENEFIT $1.77/SF 


Table A-i 


Ss 





btewes COwmouS from the Start that the additicn of 
Misilatmwen tc a block budlding in Cleveland would provide 
benefits in excess of the ccst incurred. Tie Sekpeet Of 
inflation is considerable. Using no differential inflation 
the total NEV benefit cver a 25 year life weuld have téén 
i 2/7 OF « When inflation is considered the Lenefit jumps to 
e1.727SF. it is interesting to note in this hypothetical 
example that the additional ccst or insulation coulc¢ have 
been as much as the criginal cost of tne wall ($1.75/SF) and 
it still weculd have produced net benefits of $.47/SF over 


the 25 years that gas prices are assumed to te rising. 


Gee UOF TNSULATION EXAMPLE 


Peel bere duct Ton 


Life cycle costing can be used to make compariscrs of 
alternative amounts and placement of roof insulaticn. for 
this example a comparision will be drawn tétween a wecod 
Peiseeueticn flat roor and cCellang with rocf deck insulation 
and the sane roof with no rocf deck insulaticn but witk 5/19 
losulaticn in lieu of the air space between the ceilirg and 
the plywcod deck. Cnly incremental ccsts of the two 


alternatives will te ccnsidered. 


2. AssuaEtions 


Ericés are based on National Ccnstruction Estinatcr, 


1977 Editicn edited by Gary Moselle, Craftsman Book Comrgany, 
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Solona Eeach, Ca. Prices given will be in terms of square 


feet of ceiling and rocf area. 


The basic alternative will be a flat wocd recof with 
Euilt~-up recfing over a 1/2" thick prefcrtmed insulation 
Ecard with a thermal resistance R o£ 1.39. The U-factcr fOr 


this alternative is 0.17. 


The alterrative ccnstruction will delete the roof 
deck insulaticn and add 6" of fiberglass insulation  (R-19) 
intc the air space between the ceiling joists. The U-factor 


fer this assembly is 0.04. 


Mmicomecostumore cae t/2" ) root deck insulaticr is $ 
~-236/SF and the cost of the K-19 insulation is $ .328/SF or 
memet additicnal cost of 3 .092/SF. 


Tha winter design parameters are the same aS ir the 
previous example fcr wall insulation. 


Q = UeAedt 
= (217) (1) (35) 
2 RS 

. = 24CCC 


— ee 


1,000,000 dT 


=i c 4 ei 2 3) (9. 95) (6,350) 
(iu, 000) (35) 


C= 2 .0C4 SF / IR 
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(.04) (1) (35) = 1.40 


tO 
iT) 


e = (24) (3.23) (1.40) (6,350) 


ee 


(1,000,000) (35) 


mee OO /oL/ LR 


$.C84/SF/YR 
-. C20 
$.C6O4/SF/YR first year savings 


Beton SCA, stu wremruel Savings... . 
RO eS ENG, 





25 








SO IZy7 Sr aaqditional cost 
SOfasiiSsueLa tion 


Pergure A=Z 
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ERCJ COs pee O70 ON 7 PeSeecunt s DISC CuUNTED 


YEAR ELEMENT ONE-TIME RECURRING FACTOR GOL, 

0 Mit oat “cost 
of added mOge 1.60 Boor 
inedlacti on 

1-25 savings on (.064) 1€.049 (la ise) 
fuel 

MOTAL Ne V BENEFIT So hae cE 
Takle A-ii 


7. Discussion of results 


The example again shows the lcecng run benefit of 
added insulaticn in the northern areas of the United States. 
It also demcnstrates that it 1S rot necessary to incluce ali 
Seemcne GeSts Of the roct construction in the analysis. Cnly 
those costs waich vary fcr eéach alternative must be 
included. However, this same line of reascning canrct be 
applied to the insulation. U-factors cannet be added or 
subtracted directly. Piemectange in the U-factor frem=tne 
Wicca onmme: de certaimeegudntity CL insulaticn 1s dependent on 
Wiese he OLiginal combined U-factor was for that particular 


Pemsteucticn assembly. 


Cnce the different U-factors have teen determined 
and the ccst ditferential required to produce the chance in 
U-factor, tke climatic and energy cost parameters can be 
combined with the LCC technigues to determine the NPV cit the 


Eenefit cf additional insulation. 
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CDC. SOLAR ENERGY EXAMPLE 


ds Tit reduet1on 


eee ee eee eee ee ee 


The prospect of free energy frem the stn to 
Supplement the increaSingly expensive use cf fossil fuels is 
beccming more attractive each year. The investment in sclar 
heating equipment cannct be based merely on implications of 
Pietlal cCoSt COMparisons. Any energy related investment 
must look tc the future and use the Life Cycle Cost 
techniques as a means of examining the investment 
alternatives. A solar energy ecoromic analysis is 


demcnstrated using the vehicle of a simple example. 


The solar energy question is basically an 
examinaticn cf ccsts incurred and benefits received. The 
Sestomincizbted abe £Or equipment; tne collectors, piping, 
Fumps, ccntrcl systems; and for cperation and maintenance of 
the system. The benefit derived is energy - énergy in the 
fcrm or heat delivered. This energy is measured in the 
familiar units BIU's. The energy delivered is measured in 
the same units as the energy delivered by the normal furnace 
using natural gas or fuel oil. The benefit can be evaluated 
in terms cr doilars that would be paid fcr the same amcunt 
of energy frcem fossil fuel. For example, if the delivered 
SearOoromchemave TLEOm Natubal gas 1s $23.23 fer miliicr ETU, 
then one gillicn BIU's of energy délivered by the sclar 


Keating system can Le valued at the same $3.23. 
Mest of the calculations involved with desicn of 


sclar heating systems are directed at arriving at the amcunt 


cf energy ccllected and ultimately delivered to the 
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Pi. Lding . That delivered energy is called the sclar 
contribution. Once the economic analyst has Eeen giver the 
solar ccntrikution and the investment and cperating costs 
necessary to produce that contribution, he can proceed to 


aise uy che ECC technigue. 


Meer dgcecdne wOnsecEVatOLyY SOlar example 


=o oe ome: _— ep oe ep eo a = 


This example is adarted from an Energy Conservation 
Investment Froject prepared by Western Civision, Naval 
Facilities Engineering Command for the Naval Observatcry, 
Flagstaff, Arizona. The documentation on which the eéxamrple 
is based is the Preject Engineering Dcecumentaticn (FED) 
dated 1 June 1976 [Rer. 18 ]}. The PED does net contain tne 
ccmplete eccnomic analysis sc certain assumptions will be 


meget Or EuLEOSes Of illustration. 


The project calls for the installation of a new 
sclar heating system on e¢ach of three puddings to 
SQeclbenen. the =xisting heatnig system. Euilding No. 1 is 
presently neated by a propane fired forced air heating 
system. Buildings Nc. 4 and 6 are preséntly heated Dy 


PPeOESEIG resSsastance heaters. 


oe ASSUMctions 


Picem-cldimcottraoutien £Cr Gach buliding kes t¢en 
calculated based on the type of system, the climatic 
Semarerens 20 Riagctatt, and the optimum balancing of scolar 
Sce tectOL weakecaee and "Cperating economics. For purposes cf 
this example the solar contribution will be accepted as set 


fcrth in the FED, namely: 
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6 
20 Zee OP BLU YR 


BacGieeane. | 
6 
acum OG BIU/YR 


Nc. 4 
6 
Be 


Bldg. 
ZN9.0K 10 
at the beginning cf tne 


Nc. 6 


Bcd. 
energy 


Pie eseunit cost of 
project life wiil be; 
$.045/KWH 


electricity 
Pocelo7 GAL 


propane 
Pie wolenhem@ment lates inklation rate for electricity will 


The annual maintenance cost 
heating system will average 2% cf the abigla hes) ell 


Memewerer elleectricity and £Or propane will ke 7%/yr. 
tor the supplementary 


sclar 
investment ccst. 


Ensigy savings 
type and guantity cf energy saved is calculated 


The 
1 Propane Savings 


as follcws: 
Building No. 

| 
=j.20x10 GAL/YE 


6 
202.4x10 BIU/SYR 





4 
(.C65) (9.55x10 BIU/GAL 


UNEPeCtricity Savings 


Building No. 
3 
C4UL9x10 KWH/YR 


6 
e2UxK 10 BiU/ YE 
; 3 
3.414x10 BTU/KWH 
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Hird hnGmeng. O ELectricity savings 


6 3 
PUSmOXVONBLU7YR =73.1x%10 KWH/YR 





3 
3.414x10 BIU/KWH 
5. Annual cash flow 


MicmmUrgneNGCOsSts OL Clergy and the annual consuntption 


are converted to annual casn flows as follows: 
BHitding No. 1 (rropane) 


3 
eeOuUmonly Wiaexetoo. 25/100GAL = $1833.75 


Bupiding No. 4 (electricity) 


2 
94.9x10 KWH/YR x ¢.045/KWH = $4270.50 
Pudvadaerg eNO. 6 “Welectricity) 

3 
(sepbanOmnawny Yn xX +.0457KWH = $3289.50 


DicmeEnvesStment. coSt and annual maintenance ccst fcr 


each of the independent solar heating systems will be: 


Duos niGeaNe sn | SS1)s) plaisie 400 
No. 4 B07 g32 60C 
Noe 6 be Oana) 5 00 
ier eld Soe 0 510 
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“Sener te 21833.75 annual fuel savings 






5 0 iS 20 22 







Wee tetas S400/YR annual 
Maintenance cost 


s @e@ 8s @ @# @® @ @ @ @ 


wooo uneela leinvestment 


Picure A-3 


FROJ COst Reon Use Nae DESGCUNT DISCCUND ED 

DEAR Pree Ne ONG tiie RECURRING FACTOR COs 

0 shia aineabreal VE) pie She) 1S Odio ieereee 
investment 

1-25 annual 400 92524 Sree 10 
Maintenance 

2 oan Ue 1 (1333.75) 18.049 (3326o7) 


fuel savings 


TOTAL NEY BENEFIT ($5 72520) 


abc ee h—ae7 7 
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7. Cash flow diagram, Building No. 4 







es tee Saz7e.o0/7YR fuel savings..s. 


lee 


mermeosoGO, were anmnual  ....66% 6% v. 
Maintenance cost 


Zs 





Sones oc elanelal investment 


Figure A-4 
PROJ COST AM OUNT DESCCUNT-  DiSCEUNTED 
YEAR 19 3U I, eS IE Chie Tarek eeURR ING FACICER COet 
0 also odserult Bie o 2 sere) SOP se) 
investment 
l=25 annual 600 9.524 5, 1/14 
1-25 annual (4270.50) lee 0 (5.27409.9) 
fuel 
Savings 
LO La Gee verbs NEE LL (457655) 
Table A-iv 


69 









ae ere semis 0/YR fuel savings. «. 


10 NBS) 


Peo OO /eR annua lL 
Maintenance cost 





20 25 











initial investment 


Figure A-5 


FROJ CORSE § A Tal AEP ABI Fie 6 DIsSseCunt. DiIsccunteD 
YEAR PREVENT Cieat Pie SR eCuURKRING FACTCR COs 
0 initial Sian 2.0 teed OSD Zag oi © 
investment 
i229) agpnud 1 500 oO 24 NS? 
mainteéxrance 
1-25 annual (32795 250) le 270 (ie 262) 
ruel 
Savings 
POC rave yee kN er LT ($10,080) 
Paoe mA Vv 


9. Discussion cf£ results 


ee SS oe _ = = a oe 


The LCC analysis shows that for each buildirg the 
BeteritaetO eGenue OVER the theoretical 25 year lire weuld 
exceed the ccests incurred to obtain tnose Lténefits. Ir each 
cf these prejects differential inflaticn plays an impcrtant 


eyes br It is interesting tec note for exarple the effect on 
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the building No. 1 analysis if it were assumed that the ccst 
cf propane would inflate ne faster than prices in the 
general econcmy. In that case the discount factor would be 
§.5Z4 fer the annual fuel savings and the tctal net present 
value of the project wculd be a cost of 36043 instead cf the 
Breoyvected benefit cf $9,950. 
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APEFENDIX B 


LCC IN MAINTENANCE ANALYSIS 


Beebe kiOk FLOOR SURFACES 


The problem of selection of intericr floor surfaces 
empould Dy new be a Classic illustration of the importarce of 
life cycle cost analysis. In a heavy use area the ccst to 
Maintain vinyl tile can be over 25 times its initial ccest 
when considered cver an 18 year life. Under the same 
conditions carpet costs less to Baintain even though it has 
Polio Gel iitla lh Gost.se Valid comparison cf the twe tyres 
Siru@Oring Gam cnhiy be made with a life cycle cost 
analysis. This example will also demonstrate the effect of 


Maintenance folicy on life cycle costs. 


This example is based on a preliminary desicn for 
the New Generation Military Hospital at Travis AFB, Ca. 
fReft. 19 ]. The architect studied three different graces of 
SasectvevInyledspestos tile, sheet vinyl, and terrazzo. ic 
Po OCMeEccesdrn ys tO Compare ail six types of flooring to 
illustrate the process so three have oeen selected; saediun 
grade carpet, vinyl asbestos tile, and terrazzo. It is 
reccgnized that there iS a sreat difference peel the 


Pyje@emecdicdil ~eLiccts Of the "“hard" and "soft" surfaces 


Ue 








meager Consideration. Weesedditional ccemiort and desirable 
properties cf carpet have not been guantified in the 


Semerariscn. 


The wedium grade carpet costs $15.00 fer square yard 
mice s2.U00 per Sduate yard to install for an initial ccst of 
Mmieoe/St. Sit dast 6 years and costs $2.00/SEF to reflace. 
Included in its maintence cost is: 

Vacuum daily fer 07 Si7 YR 
Crean Menten! y ~ 45 
Mancr repairs _-08 
iO caw Seoy7 ots LR 


Tke vinyl asbestos tile costs $./4/SF to install and 
should Ee replaced every 18 years at a ccest of $.&2/SF. 
Included in maintenance cost is: 

Hep eed aav y; Sat w7Se/7 1K 
Wax weekly S2\) 

Ser ewotarcter ly 03 

Mincr repairs 03 

enecul $1.05 


PicmemOxw COLEaZZO CCStES $3.52/SF. It never needs 
replacement but it does need sealing at 4 year intervals at 


eumeecest Of. 1S /SF. The cost to maintain ils: 


Mop daily Det Sc7 ik 
MWimech £eba lcs 2-09 
Total SoU 


Ic acccunt for the unegual lives of the alternétives 
the present worth of their residual value at the end of 25 
years will cre added to their net present vaiue. FOL 


example, the carpet will have 7 years useful life remaining 


Us 





BitecE Maving been nreplaced for the third tire in year zu. 


residual 
Value “SL 75 






Peo ene Se wathual. .j.maintenance.|. cost 





ole coy SF 
aequiscition wees ecrep lacement cost 
cost 8 year intervals 


je olfershers| Jsi—aa 


ERCJ Ces Ho er OU NRE DESCOUNT) DISCCONLTED 
YEAR PEE NS Cee heen sCURRKING FACTCR Goes 
Q acquisition 854) Seeks. eee U0 NereS 
cost 
iee2o faint erance ee secZ4 Gz Sess 
cost 
replacement 2200 ~489 218 
16 costs Za PLAS, aa Bore) 
z4 : z.00 ec ~21714 
ZS residual (1.75) Oy Cale 0} 
value 
POTALS NEY Cost S\Oeee2 750 
Table B-i 
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residual 
value, S$ .50/SF 










eoelmO seo ereinial.. «ab « + «s% «se be 


maintenance -82 replacement 
$./74/SF GOS. 
Aegis. elon 
cost 
Figure B~2 
FROJ Cost Ae ciero UL N PE Se Skil Disc eu hep 
WeevA R Bere eel ONE=ETMETRECURRING FACTICR COSE 
0 aeguts ste $.74/SF ner? ae 
Cost 
1-zZ5 maintenance 1305 Geee4 10.0C 
cost 
18 replacement sez ~ 189 Pe ies: 
cost 
25 residual (is 20) .097 {.049) 
value 
LOLAESUPY COST b Gere 
Takkle Brii 
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Se cast rowmmalagram, CroOxy terrazzo flcor alternative 


— << _— a —— = —_——-s —= a ee ee —_— 2S oe oe ee ee eee eg ee Oe oe oe 


residual 
Valme*S.135/SF 





eo oo7 et annual maintenance cost 


¢ t t 


Sepboyv ok Sealing cost at 
4 year intervals 


woo 27 seewaececuSsSltion cost 


ragiae B—3 
FROJ Cos T Avo] UN OT DESeCUND DISCGUNTED 
YEAR Has vel aay ik ON2-T74E RECURRING FACTCR COS 
0 acguisition SiS) 3 le C010 Bis. 
Scot 
1-25 maintenance 0 9.524 G4 .7E2 
GOCE 
4 sealing 41K) Ae) - 129 
8 Gese Seis ~489 au ee 
12 : .18 2334 20 co 
16 if Sal ke) wa2Zo ~047 
z0 is 218 “hiss UAE 
24 : Bilis eT 7 09 
ZS residual (a3 5,) Ge (rcs) 
value 
PO TA PY sCOST powoc7 oF 


Tackle B-iil 
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The cash flow diagrams show the difference in the 
three alternatives. Note that the residual value of the 
Feriodic replacement cr sealing cost has bteé€n includeé as a 


contra-ccst cr a penefit iten. 


This analysis shows that in spite cf higher iritial 
ccst and more frequent replacement, the carpet, under the 
circumstances assumed, 1S competitive with vinyl asrestos 
tile. The epoxy terrazzo is shewn to be even less cestly in 
the long run. The lower maintenance ccst as a result cf no 
waxing, and the fact that it lasts the entire life of the 
building combine to produce a ccst 18% belcw the average of 


the cther twe alternatives. 


Le smiipercadntiat this point te censider the effect 
cf maintenance policy cn this analysis. These studies have 
assumed a heavily traffiked area and a maintenance standard 
BeoGuaring Jaily c£loor care. If a comkiration cf less 
traffic and less stringent maintenance would reduce énnual 
Maintence costs to 1/3 of base levels, the tile would ccst 
cnly 74% cf the cost of carpeting. A higher grade carpet 
which required replacement less often woulc result in a 
mowers bate Cycle cost. If the carpet were of a colcr and 
texture that could be vacuumed cn alternate days while the 
tile still needed daily attention, the results cf the 
analysis would change again. THe sigur tacant impact of 
fan teNate@emmcosts On the iirfe cycle cost of interior 
flecring makes it cf crucial importance tc have accurate 
Estimates of these costs. Inaccurate estimates, or a 
Eisunderstocd maintenance policy, will significantly distort 


the analysis and lead tc faulty design decisions. 


a 





mee cOnnitCh COOR riINISHES 


Ccrridor doors in a hospital receive very heavy use. 
Heavy usé reguires a gced docr tc start with and a good 
Maintenance program. Three types of dcecrs are ccmmenly 
Beed-.)sOlid cere weed doors, hollow metal dccrs, and plastic 
epad docrs. These three types offer significant tracecffs 
ketween initial costs and life cycle costs. This analysis 
will again point out the effect of maintenance assumptions 


Pumene concep OL Mte cycle ccst analysis {hef. 19 ]. 


2. AssunEtions 


=> ae ae ee =n SS 


[omm@mmecotc MeWeOdch §—adOO0rS reguire kickplates and 


fushplates . 

Ncreal painting frequency is 5 years for both [cllicw 
metal and sclid core wceod docrs. Plastic clad doors reguire 
nc painting. Average door size is 4' x 7'. 


All costs are expressed in dollars fer door. 


Nerg@al door hardware and door frames are icncred 


recause ccsts are equal for all three types. 
The life of the building wili be assumed tc fe 25 


years as in previous examples and tne DOP ¢@iscount factcrs 


will be used. 
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Soma cere wocd dcors 
Piceceablatacn «cost $254 
(including $& 6 for protective hnardware) 


Annual maintenance 


Custodial ZB 0 aclelielea 
Repairs $3.98/docr 
Total $5.99 

Painting every 4 years B20 30 


Hollcw aetal doors 
Installaticn cost $276 


Annual Maintenance 





Guseodi al Due 9 
Repairs SA ae 
Ore a. 34.41 
Painting every 4years 52.020 


Plastic clad doors 
Meta lLaticn cost Sor 


Annual maintenance 


Custodial $1.44 
Repairs $4.18 
hOta. 5.502 


Paimtmnge not mecescary for plastic clad doors. 


The cash flow diagrams show the relévant costs for 
the three alternatives. Note that the pericdic paintince adds 
the same lite cycle ccst to the hollow metal and solid core 
Mecece (to zjecie GOL tO the plastic clad docrs. 


He 








mews, aoor/ YR annual 
Maintenance cost 


>. es. &* &®& @ &@© &® & ®& 


See so oor Tnstallation cost 


beg ure -b=4 


ERCJ Gest Leno “hs DE SeCeuNy DISCCUNTED 
YEAR ELEMENT ONE-TIME RECURRING ERCTCOR COST 
0 mista) lation 552.3 eee) $323.00 
1-25 maintenance Se 6 2 G$eS20 5. a 
TO NEV COST $376.52 
Takle B-iv 
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_— a ee a ee = <= ae ec Sen a peg a ee TD Ee ED eee ENP OD <p 





-$4.4l/fdoor/YR annual maintenance 


f 


Sewueseu7aoor DPalnting cost 
at 5 year intervals 
S27 67 door 
Masta bLacion cost 


Pigure B-5 

EROJ Coa Rovere Omg NL DESCEUNT DUSGCUNTED 
YEAR ELeGeeNT Cilt= filter RECURRING PACTLCR Cost 
0 installation $276 1.00 SS PA Fits) 5 8/6 
1-25 mainterance 4.41 ora 4 42.00 
5 paintirg ZVe 310) 415) 52 Var 1 
10 paintirg 20.700 =205 8230 
is bpadned ig PAS ) ol Sisal 
20 paintirg Abin (0 ea laie: 3220 
Z5 cal nc Ee ASS) 0 -097 Leis 

LOA NPV COST BooU ure 


Table B-v 
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0 5 i 6) LS 20 20 





eto /AGOL/YR anntial maintenance 


2 i rr 


Seer sO/AGCor Dalnting cost 
Seo ey eal etic ervyals 


S| SiG fo vevlelig 
Pascal watlon cost 


Figure B-6 

Bec, Oss Ao) Ow N DESCCUNEPSDISCCUNTED 
YEAR BLO sul donee CNE-~TIMNE RECURRING cACICR Cert 
©) installation $254 1.00 $254.00 
1-25 maintenance Si Goad Dihewre 
5 paintirg 20ers) moc Z a3 7 
10 paintitcg Zoo ~405 ele) 
bs je cla a 18, sere POURS), wa | Dulles 
z0 paintirg ZO. 50 Seis a0 
Ja pPaintirg 20% 1 A 188s) 7; roo 

LODAT Ne Ve COsT $3432.02 


The elastic 


because they never need to be painted. 


Table B-vi 


Clad doors are nighly regarded by many 


this 


analysis, 


meweVer, the PLesent value cf the future painting costs for 


toe other twce types of doors does not maxe uf for 


the Hace 


that the plastic clad doors ccest $47-569 more originally and 





cost $5.6z/dcor/fyear tc maintain. Most of that maintenance 
Geet 1s) due to the high ccst to repair cne of these dcecrs 


when something haprens to damage it. 


Maintenance pclicy can have an effect on this 
analysis. If the painting schedule must cre increased te 
cnee every three years, the LCC of hollow metal dcors 
becomes $376.38, pulling up even with plastic clad éccrs. 
The solid core wood door rises only to $369.43 and remains 
the lowest ccst alternative. If tne plastic clad docr cculd 
be repaired for the same price as the hollcw fetal door, its 
LCC would drcp tc $360 and it wculd nveccme the lowest cost 
alternative. The cost of kickplates and pushrflates adcs 386 
Pomene Initial ccst of the sclid core door. In lighter use 
areas such as tor clcset doors the solid ccre door without 
rrotective nardware would be the cbvicus choice. Any 
Becuertionu in the Cost of pretective hardware for the 
ccrridor docrs would further enhance tke competitive 


Seanding cf sclid core doors. 


Dipchbowdnbal ysis the echei1ce cf disccunt rates has an 
peeceGt Ci tie outcome. In the Original study the architect 
WSed am anilaticn rate of 6% for outyear costs and a 
discount rate of 9%. The Fase case results were then £434 
PeeesOlera Cccte, 2427 tcr hollow metal, and $425 for plastic 
eiad. The effective 2% disccunting gives greater weight to 
Wide oe Pdaneang COStS than iat iS given in the DoD 


ecopemlc analysis. 
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Re EEN DIX xC 


PGGwenen SP LACEMENT ANALYSIS 


A. WALL EFARTITIONS 


1. intreduction 


Vo coder TOnS Gane be a Significant part cf the 
Euilding's ccst. The initially inexpensive gypsum wallbcard 
Fartition has become an industry standard. me Grrers 
excellent fire resistart characteristics and is relatively 
eae eco NaiNtdalaewnen At inccrccrates a vinyl wall covering. 
In a situation where frequent partiticno changes are 
necessary, the standard gypsum wallboard partition meets 
gcod competition from the mcdularc relocatatle partiticns, 
generally agade of metal or some Compositicn material which 
cfters lcw maintenance and ease of relccaticn. This ¢exagrle 
examines these two alternative wall partitions for a 
POsSspital applicaticn, where future relccaticn or replacement 


BoecnOWnetOmree Procrable [Ret. 19 j. 


The study covers a typical bay cf a hospital 
rroject. The bay area is 4300 SF and contains 700 Mlinear 


feet of wall rartitions. Square foot costs are based cn the 
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SGtalo abead OL the Fay (4300SF) rather than cn partitior wall 


agred. 


A typical partition module is 4Oinches wide and 9 
feet high. Effect of door spaces is egual in each case and 


wewvexcluded £rem study. 


The relocatable partitions are Hauserman coukle 
wall. The gypsum wallktoard partitions are standard, using 


average frices. 


Heavy duty surface prcetection is necessary tc the 
wainscot level. 24 CZ vinyl is used cn the lower third of 
the wall and 12 0Z vinyl above. The relocatable partition 


Mas a Unirtorm baked-on enamel finish. 


Bach ecymcmcreWalielasts the lite cf the building, 


includinc the vinyl wall covering. 


Relcecatable partiticns are erected over the 
carpeting without damage to carpet. Gypsum wallkcard 
cCartiticns de not have carpet under them and change ccests 


must include patching the carpet. 

Annual maintenance costs include mincr refairs and 
SQreningueewiita Custodial Costs. Relocatable walls are te be 
scraped, primed, and finished every five years. 

20% cf the panels will te moved every five years. 

25% cf the panels will have service changes in then 
Every five years. Changes SL saved Iblis adding/reéetoving 
electrical cutiets, adding or refoving glass, and addirg or 


Temcving wall hung sinks. 


1CO% of all moves and changes fcr gypsum wallboard 
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PaeetTon= ws wit fequire £ace fanel replacement. 15% cf all 
mcves and changes for relocatable partiticns will require 


face panel replacement. 


This commercial example uses 9% disccunt rate and 6% 


nebeelat 1.0 0. 


There will be a time difference for erecting 
G@awererent kinds of fartiticns. iis 1s accounted for by 
labcr costs in the estimates . No alicwance is made fcr the 
rossible eccnomic benefit to Acspital Operations when tine 


is cf the essence in alteraticn projects. 


Se emi ED ee —_— eS 


Relccatable partitions Vinyl ccvered gyfbcard 


Opéeraticn ea-ner Coseytrmeccey7 or Freq. CoOst/LF Ccést/Sr 
Installaticn once ao IE me 3 2 once Bo. 19 Sol 
Maintenance 
Custodial annual Se ZZ annual 5 Eye pape 
Ula jekehe annual wae a 0 be, annual Sais 08 
repairs 

nRepainting 5 years Sig 18: sige not necessary 





4. Change cost data 


Relccatable partitions Vinyl ccvered gyrbcard 


Cperaticn Freq. CGcey ir Gest /SF Freq. Cost/LF Ccst/SF 
Changes 5 years 5 years 

Take down 20% 
coal | Parkradtrons pL Peay, 220 Ce 8) aed 
Reinstall 20% Ses) wae Pome) 1.25 


Service changes 

imesoe OL all 

Fartitions ZO67 SY «29 G1. O07 = 25) 
panel panel 

Cuctwork and ceiling 


light changes Aes ©) a2o 


1otal for changes sis Ae SIMO! SNe 


oF 





5. Cash flow diagram, relocatable partitions 


— <P <a a ee ee ee eee ee 





Meer we 7 Ser annual maintenance cost 
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eo serainerng and change cost 
at 5 year intervals 

Sees 2 / SE 

aC sit lon. cost 


be gure C= 1 
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YEAR Seen. Cigar PVE eRe CURRING EACAG CCE 
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mMainterance 
5 Periodic 16273 Soo 2 teaiZe 
10 repainting li 3 ~405 Od 
15 and leas wo) ~434 
20 change lees A Ske ~216 
Zo Ve73 SONS) Tf Relisys 
NODAG TeV COST Slee 
Table C-1 
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..--9S.24/SF annual maintenance cost 


|) ae 


were o/ Sremenange cost 

at 5 year intervals 
Sons lL / Se 
aegis itelon Cost 


mega  C—Z 


FROJ GOT PetOnee Ni 2 DESCCUNT. DESCCUNAED 
YEAR ELE Ras ONG=-Tite RECURRING PACTCR CesT 
Q Acguisition 6251 Peo cyemert 
e225 Annual 24 oe e24 Ze 2ec 
Maintenance 
5 Periodic Vig Pat 4237 1.467 
10 change eae 5 2405 ae 
le costs Bae © 4 aay) ves 
z0 Pe Poke 5 eye es Ol 
25 Zee SS)e Rae 
DOtALA Ne Vy COST ule 
uaeene. Cra. 


ac Prucecucsiten ct results 


In this analysis there iS an initial cost advantage 
of 16% in faver of the gypsum wallboard partition. when the 


ccst over the assumed 25 year life is addec and converted to 


che, 





present value , the advantage shifts tc the cpposite side. 
iiemeerrre cycle costs of the relocatable partition tctal 
$11.64 versus $12.11 for the gypsum wallkcard partition. 
The differerce 1s only 4%, close enough to fpromgt tne 
designer to examine the alternatives further to test the 


eenscituvecy cf various factors. 


The RoI Laon" pacieve: additicnai variations CE the 


ccmpariscn are suggested for study: 


a) Tecrease frequency of change frcm five years to 
seven years. 

b) Increase frequency of change frem five years to 
three years. 

Cc) Increase frequency Ore paintirg relocatable 
partiticns to once every three years. 

d) Decrease frequency of painting to every seven years. 
Seitem—asemcest Cz rellccatable partiticns by 20%. 


f) Any reasonable combinaticn of the atcve. 


Peon GING Sisley STULY 


1. Intreduction 
Ceiling systems are not always affected 
Scere bcanedy bY Changes in wail partiticns. Partitions 


tMat acre nen-load bearing are merely fitted into the sface 
ketween the floor and the ceiling. Changes are then 
ErCossible without disturbing the ceiling. Seismic cesign 


requirements add a new dimension by requiring that partition 
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Walls be sclidly secured tc the structural grilliage atove 
the ceiling. This means that ceilings can ce installeé cnly 
after wall partitions are up and that the ceiling must be 
Bern Up tc move a partition. iMimeacdilaven, the Ceiling 
itself must be rigidly supperted tc withstand earttquake 
disturbances. In the design studies for the New Generation 
Military Hcspital at Travis Air Force Base, California, the 
architect used the concepts of life cycle ccst analysis to 


study alternative desic¢n soluticns [Ref. 19 j. 


The usual ceiling specified under these requirements 
would be 3/74 inch acoustical tile cemerted to Syé& inch 
Gypsum pcard which is firmly secured te the structure. This 
system is relatively inexpensive initially but has high 
replacemert ccsts. To simplify repiacement an alteéerrative 
re-usable ceiling system was develcped. This system was 
designed to re feasible in any recom of 64 sguare feet or 


larger and is 90% re-usable on the average. 


2. ASSUDEtIONS 


The "system" ceiling is based on 4' x 4' units whiie 


mieomryoOaecar Gelling 1S based on 4" x 8' units. 
Erices are based on dcliars per square froot. 
Tke change frecuency has been set at two years. 
First costs have been estimated 


Zee oe ee Cemeconvettional ceiling 


Be OU/Se sfOE ELe-usSable ceiling 
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Change costs have been estimated 
Z2OryoweLOr COnventional ceiling 
WOO /SPeser= re-usable ceiling 


leeeheemcemamgeinteracts With partitions. 


Lighting and maintenance consideraticns are eéqual 


for the two ceilings. 


The illustrative buildirg life cf 25 years and DOD 
discount rates will again be aprlied. 
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Cash flow diagram, ccnventional ceiling system 
0 5 Ie 1s) 20 Zp 
meeoo oF —Change cost 
at 2 year intervals 
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ZaA0. woe ei 
ZOD is ea 
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Zao le 9 Poe 02 
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ZOD 229 eee 
ISS ew 2284 
ROT ieee VCO Sf $14.15 
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4. Cash flow diagram, te 
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S1l.00/SF change cost 
at 2 year intervals 


poe OO SE 
Bequas ite loema Cos t 


Paagure.G-4 
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z Changé Oe, isis) Pa alo, 
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ee ioeticaten Of results 


The life cycle cost analysis demonstrates that there 
1s considerable advantage to taking tke design tine 
necessary tc develor a re-usable ceiling. Ir the original 
etudy the architect investigated many variations frem the 
kasé casé such as increasing the estimated ccst of changing 
the re-usable ceiling, decreasing change frequency tc five 
years, and a combinaticn of Foth of these. Even ir tne 
extreme cas¢ of a change at ten year intervals anc with 
change ccsts increased 50%, the re-usable ceiling still has 


a life cycieé ccst advantage. 
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